Abstract. WW scattering is an important process to study electroweak symmetry breaking in the Standard Model at the LHC, in which the Higgs mechanism or other new physics processes must intervene to preserve the unitarity of the process below 1 TeV. This channel is expected to be one of the most sensitive to determine whether the Higgs boson exists. In this paper, the final state with two same sign Ws is studied, with a simulated sample corresponding to the integrated luminosity of 60 fb −1 in pp collision at √ s =10
Introduction
It is predicted by the Standard Model(SM) that perturbative unitarity is violated in vector boson scattering process at high energy if the Higgs particle is absent [1] . This implies that the existence of a Higgs boson or new physics must intervene below 1 TeV. If the Higgs boson does exist, a resonance could be observed in the VV (WW or ZZ) invariant mass spectrum. On the other hand, new physics may appear in the form of vector boson pair resonances, as predicted by Little Higgs, Dynamical symmetry breaking, or Higgsless models [1] . Therefore, a measurement of WW scattering processes is a model independent approach to probe the existence or absence of a Higgs boson.
The same sign WW scattering with W decaying to µν is expected to be a very clean process to study the difference between the standard model and new physics scenarios [2] . It has the best separation power between the two scenarios with respect to the other final states (WW, ZZ, WZ) as shown in [2] . It will help clarify the electroweak breaking mechanism in case a Higgs boson like resonance will not be observed or to finally test the unitarity of the theory. A characteristic signature of the same sign WW scattering is the presence of two forward jets (tag jets) with high energy (see Fig.1 ) which can thus be efficiently extracted from most backgrounds. The other signature, namely the presence of a same sign isolated muons pair, can help in suppressing other backgrounds. In this work, we take into account all the possible backgrounds, including that due to the mis-identification of leptons (which is usually neglected in other same sign WW scattering studies). We will show that we can get an almost background free result with the help of isolation techniques. The final state with 2 electrons or 1 electron and 1 muons have been studied, but the background subtraction result is much less effective, due to the high rate of mis-identified electrons.
Two same sign WW are produced only via t-channel process, thus no resonances are expected in the m W W spectrum. The invariant mass of the WW is shown in Fig.2 at parton level for two different values of the Higgs boson mass and for the case of no-Higgs. Because of the Parton Distribution Functions, the expected rise at large m W W values is dramatically suppressed, but still a substantial difference between the two scenarios (Higgs and "no-Higgs") can clearly be observed.
Monte Carlo Samples
The PHANTOM events generator [4] [4] with the same final states particles are also produced by PHANTOM. These processes are denoted as "QCD background" in the following.
The tt → W + bW − b production is another very important background, in which one hard muon comes from W, the other same sign muon is from a b-hadron leptonic decay. Single top quark in association with W process is also considered because of the same reason.
The production of single W along with jets, in which the W decays into µν is another dangerous background, because charged long lived hadrons (k ± ,π ± ,p ± ) may be wrongly identified as muons, and the large cross section compensates for the low probability of the mis-identification. We assume the probability of mis-identification to be 5 × 10 −4 [6] . In addition to the dominant backgrounds discussed above, single top, ttW and di-boson backgrounds (WW, WZ and ZZ) are studied as well.
QCD and irreducible background samples are produced with PHANTOM, tt, W+jet and ttW backgrounds are generated with Madgraph [7] and the other backgrounds are simulated with PYTHIA at a collision energy of √ s =10 TeV. The cross sections of the samples which are produced by PHANTOM are calculated at the Leading Order (LO), the cross sections of the other samples are calculated at the Next-to-Leading Order (NLO). The cross section will be roughly doubled if the collision energy is raised from 10 TeV to 14 TeV. In all cases including signal and background samples, the parton showering and hadronization are performed with PYTHIA, and the jet reconstruction algorithm is also provided by PYTHIA. To include the detector effect, the muons and jets momenta are smeared by a gaussian distribution with the resolution based on the following p T resolution parameterization[8], for muons:
for jets:
3 Event Selection
The aim of the selection strategy is to achieve a reasonable level of signal over background ratio. We concentrate on a cut-based selection strategy. The selection chain includes two main parts: muon selection and jet selection. A pair of same sign isolated hard muons is one of the most significant characteristics of the signal process. Most standard model background events, such as W+jet, tt, single top and di-boson, comprise only one muon or two opposite charged muons in the final state. If there are two same sign muons in these events, one muon should come from bhadron decay or muon mis-identification from other backgrounds. Most of the non-top background events contain at least one fake muon mostly in the low p T region. A p T threshold of 15 GeV/c is required to suppress these kinds of background, especially the W+jet events.
The muon isolation criteria are applied to all the tracks of charged particles, which can be well reconstructed with an efficiency of almost 100% when p T > 0.5 GeV/c [8] . The isolation parameter is defined as the sum of the p T of charged particles in an isolation cone of 0.3 rad centered around the muon at the primary vertex, in the (η,φ) plane. The footprint of the muon itself is removed by an inner veto cone of 0.01 rad:
As the top background is the most important one, the following isolation cuts are tuned to reduce this contribution: β <1 GeV/c and β/p T (µ) < 0.05. The vector boson scattering signature is exploited as well to further reduce the backgrounds contribution. The tag jets are identified as the ones with highest p T in the event. There will be very high fake rate for low p T jets, so the p T threshold of the tag jets is 30 GeV/c. A number of different strategies to implement tag jets selection were compared, and the best rejection factor for a given efficiency is obtained by requiring the tag jets with the opposite sign of pseudo-rapidity (η), to satisfy the η difference ∆η jj > 4 and tag jets invariant mass m jj > 600 GeV/c 2 . The event number after the cut-based selection for signal and background are shown in Table 1 . The results are normalized to an integrated luminosity of 60 fb −1 . For tt, W+jet, single top and di-boson backgrounds, Monte Carlo samples corresponding to 60 fb −1 are too large to be simulated, due to the very large cross section. Only few events survive after the selection chain with high statistics error. The expected number of events therefore will be estimated with the efficiency factorization as discussed below.
Higgs versus no-Higgs scenario
To distinguish the scenario where the Higgs boson is existing from the one where the Higgs boson is absent, two possible additional selections have been investigated. We choose the following relative separation definition to optimize the selections:
where N mH (200) , N N oH and N Bkg are the number of events for the two cases and for the backgrounds respectively. For this study the value of the Higgs boson mass is not relevant, as explained in detailed in ref. [2] The region of high values of invariant mass of W bosons (m W W ) should be sensitive to the presence of a Higgs particle (Fig.2) . Unfortunately, because of the presence of neutrinos, it is impossible to reconstruct the invariant mass of the W bosons. Therefore, the invariant mass of the two muons system is used to replace m W W and the events count for Equation 4 is performed after a cut on the m µµ value. Fig.3 (a) shows the m µµ distribution for the two scenarios (m Higgs = 200 GeV/c 2 and no-Higgs). Fig.3 (b) shows the number of surviving signal events as a function of the m µµ cut. Fig.3 (c) shows the distribution of the relative separation (as defined in Equation 4) vs. the cut on m µµ . To obtain a better separation between the two cases, we require the muon to be in the central region: |η µ | < 2. By asking m µµ > 200 GeV/c 2 , we can achieve good signal significance and background control. However, the request is too tight, since it eliminates about 80% of signal events (Fig.3 (b) ).
Alternatively, a selection on the azimuthal angle between muons is investigated, as the vector bosons tend to be back to back in a scattering topology. Fig.4 (a) shows the ∆φ distribution between the two muons for the two cases. Fig.4 (b) shows the number of surviving events as a function of a minimum ∆φ µµ cut. Fig.4 (c) is the distribution of the relative separation as defined in Equation 4 vs. different ∆φ µµ cuts. With the cut ∆φ µµ > 2, the highest separation is obtained with a loss of about 50% of signal events. Only QCD and irreducible backgrounds are considered in Fig.3 (c) and Fig.4 (c) .
Background estimation
The main uncertainty comes from the simulated background samples statistical error. Because of the limited statistics available, no event remains for W+jet, top and di-boson samples. However, we cannot ignore those backgrounds because of their very large cross sections.
Assuming there is no correlation among the single selections, we estimate the number of surviving events by multiplying the single efficiencies:
where the ξ cuti is the efficiency for the i-th selection alone on each sample. There is a very low level of correlation between the two main selections, namely the jet selections and muon selections. The expected number of background events for each sample using two different discriminators Table 2 . Estimated number of events of backgrounds are summarized in Table 2 with an integrated luminosity of 60 fb −1 .
The signal significance is determined using the likelihood ratio method, with poissonian probability density distributions, for both the m µµ and ∆φ µµ selections with the background estimates in Table 2 . Results are listed in Table 3 . The number of signal and background events are shown after the selection. We make the hypothesis that the correlation between the cuts will give 100% uncertainty for W+jet, top and di-boson backgrounds. For the other samples, only the statistical error is considered.
Summary and Discussion
Assuming a poissonian pdf of the measurements in the Higgs boson existing scenario and Higgs boson absence scenario, a likelihood-ratio is built to distinguish the two hypotheses, giving the number of measured events. To assess the separation power of the analysis, a set of toymontecarlo experiments have been generated for each of the cases, and the distributions of the corresponding likelihoodratios have been compared. To evaluate the separation between the two curves, the distance between their maxima, normalized to their sigma, is calculated (the sigma is taken as the half-width of the narrowest interval containing 68% Table 3 . Signal significances, ratio and separation power between Higgs case and no-Higgs case with an integrated luminosity of 60 fb −1 , at 10 TeV centre-of-mass energy. 
where H0 and H1 represent the Higgs boson and noHiggs boson hypotheses respectively. Fig.5 shows the distributions when we scale the results by the total expected statistics collected by ATLAS and CMS (corresponding to an inverse luminosity of 6 ab −1 at 14 TeV of LHC centreof-mass energy). A 4σ separation for the two hypotheses can be achieved.
We present an exploratory study of the same sign W scattering process with W decay into µν as probe of Higgs boson existence in pp collisions at √ s = 10 TeV. All the standard model backgrounds are considered, with detector effects parameterized, including muon mis-identification effect. It is a clean channel compared with the other VV scattering processes [2] [9] because of the two main signatures, which are the same sign isolated muons pair and energetic forward jets. m µµ and ∆φ µµ are both good discriminants to distinguish a Higgs scenario from the noHiggs one.
Although the cross section is not as large as searching for Higgs Boson via di-boson resonances directly, it is a model independent channel to determine if the Higgs boson exists, whatever the value of its mass, and to verify the unitarity of the theory.
With the total statistics expected from the ATLAS and CMS experiments at 14 TeV, the separation power between Higgs boson and no-Higgs boson scenarios will be at the level of 4 σ.
